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I AOOOAAO
The2017 Inventory of Renewable Energy Generators Eligible for the Maryland Renewable
Energy Portfolio Standa(@017 Inventory Report) is the third comprehensive effort by the
MarylandDepartment of Natural Resourcd2ower Plant Research Program (PPRP) sir@@ 20
to determinewhetherthere is sufficienbperating and plannedenewableenergy generating
capacity within PIJM Interconnection, LLC (PJM) to meet Mar@daehewable Energy Portfolio
Standard (RPS) requirements established under the 2004 Maryland Rieleeitnergy Portfolio
Standard and Credit Trading Adthe 20Y Inventory Report quantifies resources that are

eligible to meetcurrent Maryland RP&quirementsand assesses the additional renewable
energygenerating capacity needed to meet future reqnments

The purpose of this report is to providecomprehensive assessment as to whether Maryland
can reasonably meet its RPS requirements in coming years follthv@mtpanges to the

Maryland RPS and other PJM st&lRB'S requirements, and the changes in proposed, planned,
and operating renewable energy capacityhis edition also takes into consideration the impact
each RPS category has on the whole, as well as what might be expected to occur with an
increase in theMaryland RPS.
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%PAAOOEOA 30i1 AOU
The2017 Inventory of Renewable Energy Generators Eligible for the Maryland Renewable
Energy Portfolio Standa(@017Inventory Report) is the third comprehensive effort by the
MarylandDepartment of NaturaResourcesRower Plant Research ProgrdRPRP3ince 2006
to determinewhetherthere is sufficient renewable generation capacity witRidM
Interconnection, LLAPJgM)o meet Maryland® Renewable Energy Portfolio Standard (RPS)
requirementsfirst establisked under the 2004 Maryland Renewable Energy Portfolio Standard
and Credit Trading AciThepreviousupdate, published in 2012, concludétat: X a I NB& | Yy R
a2t FNJ 3SYSNI A2y OF LI OAd @& Ydza( -aSideRequirémerasi G I y G A
for 2022 @X O 2 Y LJX A I ngrés8lar fhdncaieout] Tier 1 generation requirements will
require a modest yeaover-year rate of growth in eligible generatiérandéXy 2 y Sé ¢ A SNJ H
generators will be needed to meet Maryland or other Tier 2 RPS standapd/t

Since the last updatim 2012 the Maryland General Assembly has amended the Maryland RPS
several times These amendments include:

1 Adding offshore wind, solar watdreating, thermal energy from biomass systems that
primarilyuse animal waste, angeothermal heating and cooling as eligible technologies;

1 Qeating carveouts for offshore wind within Tier 1;

1 Changing the geographic eligibility of facilities to exclude renewable energy credits
(RECs) from states adjacent to PJM, absent an accompatelingry of electricitynto
PIM

1 Increasing the percentage requirement for Tier 1 resources and accelerating the
schedule; and

1 Recategorizing wastéo-energy systems as Tier 1 resourfresn their former
classification as Tier 2 resources

The2017Inventory Reportreflects all changes to the Maryland RPS since May.2Z0i4&
current requirements of the Maryland RPS are display€elhinie ES.

1 2011Inventory of Renewable Energy Generators Eligible for the Maryland Renewable Energy Portfolio ;Standard
Maryland Department of Natural Resources, Power Plant Research Program, February 2012,
http://msa.maryland.gov/megafile/msa/speccol/sc5300/sc5339/000113/014000/014735/unrestricted/20120571e
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Table EQ. Maryland RP& Percentage of Renewable Energy Required

Solar Offshore Wind
Year Tier 1 Total  (subset Tier J®  (subset Tier J  Tier 2 Totdf’
2006 1% 0% 0% 2.5%
2007 1 0 0 2.5
2008 2.005 0.005 0 2.5
2009 2.01 0.01 0 2.5
2010 3.025 0.025 0 2.5
2011 5 0.05 0 2.5
2012 6.5 0.1 0 2.5
2013 8.2 0.25 0 2.5
2014 10.3 0.35 0 2.5
2015 10.5 0.5 0 2.5
2016 12.7 0.7 0 2.5
2017 13.1 1.15 0 2.5
2018 15.8 1.5 0 2.5
2019 20.4 1.95 0 -
2020 25 2.5 0 -
2021 25 25 ~1.33 -
2022 25 2.5 ~1.33 --
2023+ 25 2.5 ~2.0 --

[ Solar requirement began in compliance year 2008.

I The offshore wind carveut by law could be a maximum of 2.5 percent beginning in 2017; howeve
only the approvedffshore RECOREQsave been included here. Other PJIM members do not have
equivalent category.

I Tier 2 requirement sunsets at the end of compliance year 2018.

M) 302NRAYy3 (2 al NBEflyR tdoftAd {SNBAOS /2YYAa
CovlLl2ySyid 2F GKS wt{ hotAIrdArAz2y F2NJ t dNOKF &SN
the ORECs are based on MWh and energy sales every year.)

SourceMaryland Code, Public Utiliti&s7-703, http://codes.findlaw.com/md/publicutilities/md-code
publicutil-sect7-703.html

Eight PJM states (Delaware, lllinois, Maryland, Michigan, New Jersey,Qdwdlina, Ohio, and
Pennsylvania) and the District of Columbia have mandatory RPS requirerfregitsraand
Virginia have developed voluntary renewable energy goldlsmeroushanges in these policies
and in the amount of proposed, planned, and opergtnrenewable energy capacity warrant a

Preliminary Draft; Not for Distribution
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new assessment of renewable energy projects to gauge current and future resources needed to
meet state RPS requirements within PIM

This report uses data contained in the PJM Generation Attribute Tracking Syst&@i®)(t6A

produce a dataset of available renewable energy capacity that would qualify under the
Maryland RPSThe dataset is supplemented with geophysical, capacity, and generation data
acquired fromthd ®{ ® 5SLI NI YSy d 2Hner@iyif&Nddah AdminstEatio® Q a O
(EIA) Additional research including state RPS requirements (see Appendix Adeatritity

sales projections were also incorporated into this database, wikigferred tothroughout this
documentas the2017Inventory Databae.

Analysis of th017Inventory Databaseetermined the current availability of renewable
resources and the amount of growth needed to satisfy not only Man@R®S but also the RPS
requirements of other states in PJNWaryland? Tier 1 RPS requiremieallowsits electric
suppliers to source ocean energy, landfill gas, biomass, onshore and offshore wind, solar, solar
water heating, and fuel cal(fueled by Tier 1 resourceBpm anywhere withinPJM or from
outside of PIM if the associated energyetivered into PIM Geothermal electric, geothermal
heat pumps, municipal solid wastend poultry litter plants must also be located within
Maryland and interconnected to the distribution gridier 1 RECs may also be used to fulfill
Tier 2 requirements Of the Maryland RPS requirements, compliance withrtbie-carveout

Tier 1 categonappears tarepresent the only potential challengeAvailable data indicate that if
all PIM states with RPSs, including the voluntary goals established in Indianagamd, Were

to meet their RPS requirements with PJM resourcd®)Wwould experience a nearl$1,000
gigawatthour (GWh) deficit (i.e55 percent) in 2017 nowtarveout Tier 1 generationRelying

on those same parameterapn-carveout Tier 1 generationvill need to grow at approximately
46 percent annually beginning in 2010 meet future PJM (inclusive of Maryland) RPS
requirements out to 2020 all PIJM states, including Maryland, rely only on PJM renewable
resources to meet RPS requirements. This suggests that a significant portion of PJIM RPS
compliance will be met from qualifying resources outside of PJM

>See Appendix A fapecific state RPS information.

% Solar resources may be used for compliance with the basic Tier 1 requirements. For purposes of this report and
analysis, it is assumed that allstate solar installations will be used to meet the Maryland sctaveout. Solar
facilities located outside of Maryland are expected to be used to comply with other state solarczdroe

solarspecific requirements. States without a solar caow might have solar installations that could contribute to
compliance with &r 1 requirements in Maryland or other PIJM states; however, this is anticipated taée a
minimisamount. Therefore, the solar canaeit resources are accounted for separately from Maryland

non-carveout Tier 1, despite the fact that they could qualifyder either category.
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The Maryland RPS has two cauégs; one for solar and one for offshore windhe Maryland

Tier 1 solar carveut requires that solar be connected to the distribution grid in Maryland to be
eligible for compliance; for purposes of this repditese solar projects will be considered in
state. Solar capacity will need to grow by approximatepercent annually (every year from
2017 through 2020) to meet future Maryland solar requiremeriaryland is on pace to meet
its currentand futuresolar carveout requirements, based oanticipatednew capacity
projectedusinga 15 percent growth rate

Eligible offshore wind facilities that are located on the continental shelf betwli®and 30

miles off the coast of Maryland inl&S.Department of the Interio{DOIl)designated leasing
zonepotentially qualify for the Tier 1 offshore wind caraait pending MarylandPublic Service
Commission (PS&pproval. On May 11, 2017, tiRSGssued Order No. 88192 approving two
offshore wind energy projectsthe US Wind, Inc. project was approved for 248gawatts

(MW) (of a total 75eMW planned project), and the Skipjack Offshore Energy, LLC project was
approved for 12MW.

Maryland could potentially meet Tier 2 requirements witkstiate resources throughs final
requirementyear of 2018, buthere are asoTier 2 generation options available fromithin

PJM Some states, particularly Pennsylvania, allow additional resources such as pumped
storage hydropower and waste coal qoalify asTier 2 eligike; these resources do not qualify

for Tier2 in Marylam, but they increase the total pool of eligible resources available for various
state RPS requiremenis PJM

LF al NBflIYyRQ&a wt{ Aad AYONBlFIaSR (2 NBIljdzANSE (KI
energy resources is greater than thatrepresenteg’ al NBf | yYRQ& SEA&GAY 3T wt
as the other PJM states with RPSs, will need to procure a greater portion -cfinezout Tier

1-eligible RECs from outside PJM since there will be insufficient Tier 1 RECs from within PIM to

meet the increasd requirement based on projections of new renewable resource development

in PIM. Ifthe solarcan&dzi Ay al NBfl yRQa wt{ 6SNB (2 0S R?2
to 5.0percent by 2030, Maryland is expected to be able to meet that added requiremémt wi

in-State solar resources; that is;$tate solar development in Maryland can be expected to
accommodate even a significant increase in the solar eanteequirement.

If Maryland were to further restrict resource eligibility for Tier 1 resourcesgxample, by
eliminating the eligibility of RECs sourced from black liquor or wind, without any corresponding
reduction in the RPS percentage requirements, added pressure may be placed on Maryland to
procure RECs for RPS compliance from ousieeIM resotces since there are insufficient

Preliminary Draft; Not for Distribution
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PJM norcarveout Tier 1 (or equivalent) resources expected to be developed to allow reliance
on only PJM resources.

It should be noted that the changes to the Maryland RPS related to Tier 1 eligibility may permit
other PJM states to employ RECs that would have otherwise been Mawligiitnle for their

own RPS compliance, thereby freeing up RECs from those statesridaibcompliance. To

the degree that other PIM states with RPSs can employ the RECs that were previously
Marylandeligible, the pressure on Maryland to rely on RECs imported into PJM would be
reduced.

This concept applies to all of the Tiecdtegoriesexcept black liquor, which other PIJM states
do notrecognize as an eligiblger 1 resourcelf black liquor were to beedefinedas ineligible

for Maryland Tier 1 RPS compliance, there woul@ beduced supply afon-carveout Tier 1
generation (that cald not be replaced with other generation from the PJM reamveout Tier

M aLl22f &0 | 2y aSljdzsSyates St A Ydligibletehetvable2 ¥ 6 A YR
resources accepted for Tier 1 compliance in other PJM sates would result in no meaningful
changes in REC prices or the ability of PJM sates to meet their RPS requirements from PJM
renewable resources. Elimination of the eligibility of black liquor, however, would result in
tighter supply conditions in PJM since no other PJM states considde lidaor as an eligible

Tier 1 RPS resourandK Sy OS  a lektRidioh g§f Bld2kliquor would reduce the pool of
Tier 1 RECs in PIM.

Finally, it needs to be recognized that the market for RECs is highly complex due to similarities
(and differences) ithe RPS eligibility requirements among states (technologies and locations),
RAFFSNEBYyOSa Ay FftUSNYFGAGS O2YLAX AlFyOS LI eyYSyl
RECs in different states. With changes in RPS requirements over time, and the@&xpect
shortfall of PJIM noitarveout Tier 1 resources to fully meet the RPS requirements of the PIM
stateswith RPSs, there will be upward pressure on REC prices in Maryland and other PJM
states. Those higher REC prices will induce additional renewablecesdbevelopment,

changes in REC sales among the states based on differentials in REC prices, and increased
imports of RECs into PJM based on more favorable economics associated with higher REC
prices. Market dynamics, therefore, can be expected to reswolveh, if not all, of the potential
shortfalls in norcarveout Tier 1 renewable resource availability over time.
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A. Purpose of Report

An RPS requires that a portion of the electricity soldadgadserving entity (LSE) angiven
state comefrom eligible renewable energy sourceMaryland is one of 29 states, and the
District of Columbia, with an RPS.

PPRP published the finstventory of Renewable Energy Resources Eligible for the Maryland
Renewable Energy Portfolio Standar®?006 2006 Inventory Repoyt The purpose of

2006 Inventory Repomvas to determine the quantity of proposed, planneohd operating
resources eligible for th®laryland RPS, and to assess how much, if any, additional renewable
energy capacity would need to be constructed to mémt requirements othe Maryland RPS

and of other states within PJMat have RPS policiésin February 2012, PPRP published the
2011Inventory of Renewable Ener@gnerator<Eligible for the Maryland Renewable Energy
Portfolio Standard2011 Inventory Report) to reflechanges to the Maryland RPS, other PIM
state<{RPS policies, and renewable energy capacitg cliirentreport, the 2017Inventory of
Renewable Energy Generators Eligible for the Maryland Renewable Energy Portfolio Standard
(2017Inventory Report)revists the RPS requirements of Maryland and other states within PIJM
in light ofcontinued growth in renewable energy capacityodifiedstandards and changed
market conditions

B. Maryland & Renewable Energy Portfolio Standard

The Maryland RPS has experienceghificant changes since its inception in 200ter

categories and percentage requirements have changed, schedules have been accelerated, and
alternative compliance paymen{ACPs) have beenodified® Tablel-1 listscategories of

facilities that are currently eligible under Tier 1 and Tier 2 of the Maryland RPS.

* Jim McVeigh, Joseph Cohen, Kevin Porter, Christina Mudd, and Michaleiieegory of Renewable Energy
Resources Eligible for the Maryland Renewable Energy Portfolio StaMiagdand Department of Natural
Resources, Power PlaResearch Program, 2006,
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/PB200611051 7 .xHtrhl

®Details regarding the legislative histarf/the Maryland RPS requirements can be found in Appendix D.
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Tablel-1. Maryland RP& Tier 1 and TieR Classifications

Tier 1 Eligible Facilities

SolarPV and solar thermal systems (located within Maryland for the eantethat produce electric
power, and solar wateheating systemsanstructed after June 1, 2011

Landbased and offshore wind

Qualifying biomad¥d

Methane from the anaerobic decomposition of organic materials in a landfill or a wastewater treatm:
plant

Geothermal including energy generated through geothermal exchange from or thermal energy avoit
groundwater or a shallowround source

Ocean including energy from waves, tides, currents, and thermal differences

Fuel cells powered by methane or biomass

Hydroelectric plants under 30 MW licensed by FERC or exempt from licensing

Poultry litterto-energy within Maryland

Wasteto-energy (including blast furnace gas and refdseived fuels) within Maryland

Tier 2 Eligible Facilities

Hydroelectric plants other than pumped storage hydropower

PV = photovoltaic; FERC = Federal Energy Regulatory Commission

tel Qualifying biomass is: a ndrazardous, organic material that is available on a renewable or recurring basis; waste
material that is segregated from inorganic waste material; and is derived from any of the following sources:

1. Excluding olgyrowth timber, any of the following forestelated resources:
a. Mill residue, except sawdust and wood shavings
b. Precommercial soft wood thinning
c. Slash, brush, or yard waste
d. Pallets, crates, or dunnage

2. Agricultural and silvicultural sources, including tree crops, vineyeigrials, grains, legumes, sugar, and other crop
byproducts or residues.

3. Gas produced from the anaerobic decomposition of animal waste or poultry waste.

4. A plant that is cultivated exclusively for purposes of being used as a Tier 1 or Tier 2 renes@ileer¢o produce
electricity.

SourceMaryland Code, Public Utilitis7-703, http://codes.findlaw.com/md/publieutilities/md-code-publicutil-sect 7-
703.html

B.1. Changes to Maryland RPS Requirements Subsequent to thérevious Inventory
Update

In 2012, the Maryland General Assembly pasSedate Bill (SBP1 andHouse Bill (HB)187.
Together, these bills accelerated tMaryland RPSolar carveout compliance requirements
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beginning in 2013, med the 2 percent solar requirement from 2022 to 2020, and akalv
measurements of solar watdreating energy productiofor qualified irthome water heaters.
Also in 2012the enactment ofSB652 andHB1186qualifiedeligible geothermal heating and
cooling systems commissioned on or after January 1, 2013 as Tier 1 resource

Additionally in May 20125B1004 andHB1339qualifiedthermal energy associated with
biomass systems that primarily use animal waste as Tier 1 reseftective January 1, 2013

In 2013, Maryland enacteldB226, which created a carvaut for offshore wind in Tier 1 of the
Maryland RPSBeginnng in 2017, this bill allows qualified offshore wind generation to count
toward the RPS up to a maximum of 2.5 percent of retail electricity sAles carveut, this
generation counts towards the overall Tier 1 requireméniB226 defines qualifiedfeshore
wind projects ashoselocated on the outer continental shelf, in an area of the ocean
designated for leasing by thé.S. Department of the Interior (DOQ&nd betweerl0and 30
miles off the Maryland coasfThe projects must also interconnecttioe PJM grid at the
Delmarva Peninsula and be approved by the Maryla8¢®

In February 2017, the Maryland General Assembly pald&4d 06 which increased the solar
carveout to 2.5 percent and overall Tier 1 requirements to 25 percent by 20PBroughout
this report, the timeframe fothe presentedigures is through 2B0; this is for illustration
purposesonly, as the Tier 1 requiremen{n percentage termsn Maryland plateau in 2020
Tablel-2 illustrates the percentage requirements of the Maryland RPS by year and by tier.

®See Maryland Public Utilities Article (PUA)&01(q),http://codes.findlaw.com/md/publicutilities/md-code:
publicutil-sect7-701.html

"The Maryland PSC sets the actual amount, which may not exceed 2.5 percent.

® General Assembly of Maryland, HB 022&ryland Offshore Wind Energy Act of 20Maarch 23, 2013,
http://mgaleg.maryland.gov/2013R S/bills/hb/hb0226e.pdf

*HB 1106 became law as the passage was an override of a gubernatorial veto. See
http://mgaleg.maryland.gov/2016RS/bills/hb/hb1106e.pdf
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Tablel-2. Maryland RP§& Percentage of Renewable Energy Required

Solar Offshore Wind
Year Tier 1 Total  (subset Tier J®  (subset Tier J  Tier 2 Totdf’
2006 1% 0% 0% 2.5%
2007 1 0 0 2.5
2008 2.005 0.005 0 2.5
2009 2.01 0.01 0 2.5
2010 3.025 0.025 0 2.5
2011 5 0.05 0 2.5
2012 6.5 0.1 0 2.5
2013 8.2 0.25 0 2.5
2014 10.3 0.35 0 2.5
2015 10.5 0.5 0 2.5
2016 12.7 0.7 0 2.5
2017 13.1 1.15 0 2.5
2018 15.8 15 0 2.5
2019 204 1.95 0 -
2020 25 2.5 0 -
20219 25 2.5 ~1.33 -
2022 25 2.5 ~1.33 --
2023+ 25 2.5 ~2.0 --

[ Solar requirement began in compliance year 2008.

I The offshore wind carveut by law could be a maximum of 2.5 percent beginning in 2017; howeve
only the approvedffshorerenewable energy creditOQREQdave been included here. Other PIM
members do not have an equivalent category.

I Tier 2 requirement sunsets at the end of compliance year 2018.

M) 3O02NRAYy3 (G2 al NEflIyYyR t{/ hNRSNIb2® yymopH=
Obligation fot dzNOKI a SNE 2F hw9/ & ®é 0¢KS LISNDOSyidl3as
on MWh and energy sales every year.)

SourceMaryland Code, Public Utiliti&s7-703, http://codes.findlaw.com/md/publicutilities/md-code
publicutil-sect7-703.html

For the purposes of this report, when the tedfiier 1 requirementsis usel, the
understanding will be that the offshore wind and solar caowgs are included Tier 1 solar
requirements will be specific to the solar carwet, and Tier 1 offshore wind requirements will
be specific to the offshore wind canaut. There will benstances when the portion of Tier 1
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that is exclusive of the solar and offshore wind caows will be assessed, and the term
énon-carveout Tier 1 requirementswill be used’

B.2. Alternative Compliance Payment

To show compliance with the Maryland RBSEsnustretire the appropriate number of
renewable energy credits (RE@s# tracking account ithe PIMGenerator Attribute Tracking
System GATH A REC is a certificate demonstrating one megavattr (MWh)of energy

output from a certified renewablenergygenerator™* If the electricity supplier doesot retire
the required number of RE@smust pay an ACP for each REC that it is shod given
compliance period Alternatively, electricity suppliers ight pay the ACP in lieu of submitting
RECsMost states in the PIM region with RPS requirements have instituted ACMsiryland,
funds generated from the ACP provide grants and loans for the construction of Tier 1 resources
The ACP amounts diffeioim state to state and influence the market price for RECs by driving
competition for renewable energy sources in the regidlectricity suppliers in states with a
high ACP are willing to pay mareip to the ACP amountfor RECsTablel-3 shows the ACP
levels for each state in the PJM regmsof mid2017, as well as the geographic footprint of
eligible facilitiesaccording to each sta@ RP$>*

1% Offshore wind is not anticipated to be used to fulfill RPS requirements until, at the earliest, the year 2021. This is
based on a Maryland PSC Order approving offshore wind renewable energy credits (ORECS) that was issued on
May 11, 2017. For this reasopotential offshore wind generation is not included as fulfilling Tier 1 requirements
through 2020.

1 A renewable energy generator (such as a wind farm) receives one REC for every one MWh of electricity it
produces. A recognized certifying agency gaash REC a unique identification number. The renewable

electricity can then be fed into the electrical grid, while the accompanying REC can be sold separately on the open
market.

Patwa tNRINIY LYTF2NYIGA2YSE t WetpsI/wwdvipiMReig.06@/grogkata Ly F2 NXY | G )
information.aspx

¥ please see Appendix A for more information on RPS requirements for other PJM states.
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Tablel-3. Alternative Compliance Payments in PJM

State RPS Geographic Footprint Alternative Compliance Payments
Tier 1 fon-cane-out) ¢ $37.50/MWh for
non-carveout shortfalls in 2017 and beyonc
Tier 1 (Solarg $195/MWh for solar

The source must bgl) located in the PIM| shortfalls in 2017; $175/MWh in 2018;
region; or (2) outside the aregescribed in | ¢150/Mwh in 2019; $125/MWh in 2020:
item (1) but in a control area that is $100/MWh in 2021: $75/MWHh in 2022:
adjacent to the PJM service territory, if th( gg0/Mwh in 2023: $50/MWh in 2024 and
Maryland electricity is delivered into the PIM servic beyond.
territory.
Tier 1 IPIg $2.00/MWh for IPL shortfalls in
Solar must come from within théiate to | 2017 and beyond.
meet the solar carv®ut requirement.
Tier 2¢ $15/MWh in 2017 until the sunset o
the standard in 2018.
Tier 2 IPIg There are no fees for Tier 2 IPL
shortfalls.
1% deficient year: $25/MWh for nowarve
A generation unit musbe: (1) in the PJM | out; $400/MWh for solar.
region or located outside the PJM region 2 deficient year: $5(MWh for non-carve
Delaware with the ability to import into the PIJM out: $450/MWh for solar.
region; and (2) tracked through the PJM '
market settlement systerff! Subsequent years: $80/MWh for naarve
out; $500/MWh for solar.
For compliance years 202%18:
Eligible resources must be located: (1) in|
the PJM region; (2 a state that is Tier 1¢ $50/MWh
Distri adjacent to the PJM region; or (3) outside Tier 2¢ $10/MWh
strict of . . .
Columbia the PJM region or adj:_;u:ent state in a Solarc $500/MWh in 20162023:
control area that is adjacent to the PIJM olarg X in ' )
region if the electricity from either is $400/MWh in 20242028; $300/MWh n
delivered into the PIM regidf. 202920[51%]2; and $50/MWh in 2033 and
beyond:
Eligible resources must be located within| FOr compliance year June 204 May 2018,
lllinois. If there are insufficient, cost the estimated ACP for LSEs in the Ameren
effective instate resources, resources car ermitory is $1.8054/MWh; $1.8917/MWh in
Illinois be procured from adjoining states, aif | the ComEd teﬂrrltory; and $2415/MWh for
these are also not cosgffective, resources MidAmericar!
can be procured from other regions of the |llinois has not yet established an ACP
country'® beyond 2018.
Indiana utilities participating in the
Indiana voluntary Qlean Energy Po_rtfollo Standarl Indiana has voluntargoals and no ACP.
must obtain 50% of qualifying energy fron
within the state?
Kentucky There is no RPS. There is no ACP.
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Tablel-3. Alternative Compliance Payments in P&VO2 y 1 QR 0

State RPS Geographic Footprint Alternative Compliance Payments
There are various regulatory actions basec
on electric provider typd.

Rateregulated providers: The electric
provider must purchase sufficient RECs to
meet the standard; the costs of such RECs
are not recoverable from ratepayers if the
Michigan PSC finds that the provider does
Electricity must be generated in Michigan| not make a goodaith effort to meet the
_— or outside the state in the retail electric | standard.
Michigan . . .
customer service territory of any provider L
that is not an alternative electric suppliflr.| Municipalities and memberegulated
cooperatives: The attorney general (or
cooperative member) may commence a ci\
action for injunctive relief.
Alternative electric suppliers: The state ma
revoke licenses, issue orders to cease and
desist, and charge fines between $5,000 a
$50,000.
Non-carveout ACP is $50AWh.
Solar ACPs are as follofls:
Energy Year (EY) 2017: $315/MWh
EY 2018: $308/MWh
Electricity must be generated within or EY 2019: $300/MWh
delivered into the PJM region. For both | £y 2020: $293/MWh
New Jersey Class | anq Class' Il facilities, reneyvable EY 2021: $286/MWh
energy delivered into the PJM region mug gy 2022: $279/MWh
be generated at a facility that was EY 2023: $272/MWh
constructedon orafter January 1, 2008. | gy 2024 $266/MWh
EY 2025: $260/MWh
EY 2026: $253/MWh
EY 2027$250/MWh
EY 2028: $239/MWh
North Utilities may use unbundled RECs from-o The state has no ACP; however, the North
Carolina of-state renewable energy facilities to me( Carolina Utilities Commission m?y assess
up to 25% of the RPY. penalties if utilites fail to comply”
The ACP is $45/MWh for nararveout. The
Public Utilities Commission of Ohio adpist
Utilities must meet at least 50% of the | the ACP annually, but it will never be less
renewable energy requirement with4n than $45/MWh.
Ohio state facilities, and the remaining 50% wit

resources that can be shown to be
deliverable into the staté’

The solar ACP was $300/MWh in 2014
through 2016, reduced every two years
thereafter through 2026 by $50/MWh to a
minimum of $50/MWh"!
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Tablel-3. Alternative Compliance Payments in P&VO2 y 1 QR 0

State RPS Geographic Footprint Alternative Compliance Payments

The ACP is $45/MWh for nararveout.

For solar PV, the ACP is valued at 200% ti
the sum of (1) the market value of solar
alternative every credits (AECSs) for the
reporting period; and (2) the levelized value

Sources must be located inside the
geographical boundaries of Pennsylvania
within the service territory of any regional
transmission organization that manages
the transmission system in any part of the

Pennsylvania

Commonwealth™ of up-front rebates received by sellers of
solar AECY.
Tennessee | There isno RPS There is no ACP.

Electricity must be generated or purchase

Virginia in Virginia or in the PJM regidh. There are voluntary goals and no ACP.
HB 2001, effective January 27, 2015,
West Virginia repealed the Alternative and Renewable There is no ACP.

Energy Portfolio standard. There is no
RPS!

IPL = industrial process loads; LSE =$eadng entity; PV = photovoltaic
Blgt wa t NPINF ¥alLMERNFRIA 2t/yWa 9y @A NP yhitgsyiwwipimieis.cor/pidgtan A 2 \
information/maryland.aspx
Plgt wa t NB I NI Y5 &/ F @ NNBhdrdngentaldnformation Servicawtps:/www.pjm-eis.com/program
information/delaware.aspx
Clgt NEPINI Y KFXFRANKOA2YT / 2f dZYO Al ¢ t idéshttpsy/diwpiny YSy G+ 1
eis.com/programinformation/district-of-columbia.aspx
Wa[ +F smpivie w8y Sol 0t S t2NIF2fA2 {dFyRFNR 9ttt gf Edluthbia, effachrg
October 8, 2016http://www.dcregs.dc.gov/Gateway/NoticeHome.aspx?noticeid=6249921
Flgt wa t NRINF YLLYFEANE DA 2a)dermaliof Servic@htfps: Bmii. pjm -eis.com/program
information/illinois.aspx
Mg b2 GA OS20Estimated ACP Rates Revised as of-@8MWn £ ¢ wt { ! f SNy GA GBS /2YL
Commerce Commission, April 10, 20hffps://www.icc.illinois.gov/electricity/RPSCompliancePaymentNotices.aspx
Glg/ t Sty 9ySNHE LYNAT A2 HhlyRIENS 2F {38 LyOSyiArods
Clean Energy Technology Center, last updated November 20, 2015,
http://programs.dsireusa.org/system/program/detail/4832
Mlwz St ey 5dNJFes a{GFIiS wSySstoftsS ta2aNIF2fA2 {GFyRINR:
2016, http://www.ncsl.org/research/energy/renewablgortfolio-standards.aspx
' Clean, Renewable, and Efficient Energy Act 295 of 2008, Section 460.1029: Renewablgysterglocation;
requirements, Michigan Legislature, effective October 6, 2@p://legislature.mi.gov/doc.aspx?mel60-1029
U Clean, Renewable, and Efficient Energy Act 295 of Z¥8ion 460.1053: Failure to meet renewable energy credit stanc
by deadline; civil action; contested case; final order, Michigan Legislature, effective October 6, 2008,
http://leqislature.mi.gov/doc.aspx?met60-1053.
Mgt wa t NEINF Xb &g TRANR Sa R t Wa 9y OA NEhtfps:Awing.pirh-eis.coipfobicin (A 2y { S NID)
information/new-jersey.aspx
DowSySol ot Sa t2NITF2tA2 {GFyRINRZé 5FGlolasS 2F {dGFdS LyOSylGA©D!
Technology Center, last updated May 20, 2(Htfp://programs.dsieusa.org/system/program/detail/564
™ North Carolina General Assembly, Chapter 62 of the North Carolina General Statutd3$Z8&2Renewable Energy and
Energy Efficiency Portfolio Standard, Public Utilities Act, 1963,
http://www.ncleg.net/enactedlegislation/statutes/html/bychapter/chapter_62.html
MgwSySstotsS 9ySNHE FyR 9ySNAe 9FFAOASYOe t 2 NI THifitien®,{ Gl yRI NRX:
North Carolina Clean Energy Technology Center, last updated September 23, 2016,
http://programs.dsireusa.org/system/program/detail/2660
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Tablel-3. Alternative Compliane Payments in PIJM O2 y it QR 0

Plgt wa t NEINIY LYF2NNIGAZ2Y S hKA2 S https/MWaw.pim/feis edioroafasay i F Ly T2 NYF (.
information/ohio.aspx

Pl Ohio Revised Code Title 49, Chapter 4928.64, Electric distribution utility to provide electricity from alternative energy

resources, effective July 31, 20@8tp://codes.ohio.gov/orc/4928.64

Mgt wa NENRAEYTF2NYIGA2YS tSyyadgt ol yal s éhttps:Mwaw.sin gsicondprodian/ (I £ Ly T2 N
information/pennsylvania.aspx

Tg1 t GSNYF GA DS 9y SNBERY Vi 228NTIGF2yE MI2S ¢ (5 HYIRITONRA S 2F {GFd8 LyOSydGAr@Sa
Carolina Clean Energy Technology Center, last updated August 24, 2016,

http://programs.dsireusa.org/system/program/detail/262

Blwz 0SSt ey 5dNJFeés a{idlisS wSySslofS t2NITF2tA2 {GFyRFENR& YR D2I
2016, http://www.ncsl.org/research/energy/renewablgortfolio-standards.aspx

Ugt wa t NEIANI X+ ANHRWNI H& 2tyWa 9y @A NP httsS/vvimi.pfm-eis.gomprovam i A 2y { SNIIA O ¢
information/virginia.aspx

Mg twa tNRPINIYSEVTF2ZAMBAYAY =S¢ t Wa 9y @ hitpB/Avingpjni-distcomiprodramNyy | G A 2y {
information/westvirginia.aspx

The variations in AdBvelscan lead to widely differing prices for Tier 1 and Tier 2 RECs and
competition for RECs within the regiohSEs may request from the Maryland PSC ayeae
delayfrom complying with the solar carvaeut of the Maryland RPiBthe cost of purchasing
solar RESYSRECS) is equal to or exceeds one percent of th@ teyEnue This provision also
holds true for Tier 1 RECs, except that the costs of purchasing Tid rRust b&0 percent or
more ofthe LSE revenue.

C. Related Maryland Reqgulations Affecting Renewable Development

In addition to the Maryland RPS, there are tpalicy initiativescreated by Maryland legislation

and administered by th#aryland PSC thditirther enable renewable energy development

Net metering has been in place since 2005, and a Community Solar Energy Generating System
PilotProgram is in the early stages of implementation.

C.1. Net Metering

As defined by the National Renewable Endrgy 6 2 N>} 4§ 2 NBE o0bw9[ 03X ySi YSG:
and billing arrangement designed to compensate distributed energy generation (DG) system
26YSNE T2N I yé 3ISYySNI A2y “iNktlméterihgthas®mrecougagel SR G 2
the growth of renewable@nergy development because the producer of the energy has a

guaranteed purchaser of the energy, and in many cases such as in Maryland, the energy must

be purchased at the full retail rate, including delivery charges.

“National Renewable Energy Laboratory, Net Meteriritps://www.nrel.gov/technicalassistance/basieset-
metering.html
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In Maryland as with the RP$iet meteling haschangedover time In 2007, the net metering
not-to-exceed capacity was raised to 1,500 MWAs of the lateshet metering statuseport
(2017) issuedby theMarylandPSC? net metering capacitjiad reached461 MW, thusthe
Maryland PSC concludatiat no policy changesere necessary athat time. Solar projects
represent the majority of netnetered projects Between June 2@and June 208 (the latest
information availabl® solar netmetered capacity increased from 28%6460MW, while wind
net-metered capacity decreased from ¥®0.5MW, and biomass neamnetered capacity
decreased from 1.40 0.3MW.*°

C.2. Community Solar Energy Generating SystemPilot Program

The Community Solar Energy Generating Syft@otProgram is a thregear pilot program

that became law on May 12, 2015, and recently entered the implementation pHa®ke

intent of MarylandHB 1087Electricityc Community Solar Energy Generating System Program
is to facilitate the purchase of solanergy by customers tha{l)rent; (2)do not have
sufficientareato install solar generation(3)do not have sufficient solar resources (4) may

not be able to otherwise afford solaParticipating customers purchase (or lease) a share of the
solarproject; the proportional project output is treated as if the project (on a proportional
ollairaov Aa f20F 3SR 0 Slielayw &so érkdbragesitieuse vidmantelds” S G S N.
for the development of solar projectsThe program consists of threetegories of projects,

each of which has a capacliyit designation: brownfield/grayfield/industrial area
(approximately 58MW); open (approximately 77 MW); and leea-moderate income
(approximately 59 MW).

Applications for the first of three rounds ofggects were required between April Hhd May 5,
2017; those applications are being reviewed asiaitial batch> and then further applications
will be considered on a firstome first-served basisThere is a 19dMW capacity limit for the
three-year pogram For the first round of applications in 2017, gércent of the capacity
(77MW) is allocated; year two (2018) also has 40 percent of the capacity allocatent el
three (2019), 20 percent of the capacity (40 MW) is allocated

> Maryland PS@Report on the Status of Net Energy Metering in the State of Marylangust 2017,
http://www.psc.state.md.us/wpcontent/uploads/Fina2016Net-Metering-Report. pdf
16 |}

Ibid.
o Community solar programs capitalize on net metering in that a solar project under this program may use
aggregate net metering of participating customers.
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The pilot prgramis beingimplemented by four Maryland utilitieBaltimore Gas and Electric
Company BGHE, Potomac Electric Power Compaifepcg, Potomac Edison, and Delmarva
Powerand Light{Delmarva).At the conclusion of the thregear pilot, theMarylandPSC is
required to provide a report on the program to tivarylandGeneral Assembly.

D. The Role of Market Factors in Renewable Energy Development

As noted previously, each MWh generated by a qualifying renewable energy project will also
generate a REG~or the RECs from a particular renewable energy project to be eligible to
satisfythe RPS requirements of a particular state, the projesif would need to be approved

as eligible by the staf@ relevant regulatory authorityln Maryland, thePSGpprovesthe

eligibility of renewable energy projecfer meeting the Maryland RR®nsistent withthe

eligibility requirements spelled out in the statutdhe project ownecould also apply to other
states for approval as an eligible renewable energy sowcenteting RPS requirements.

While a REC may be eligible to be used for compliance in more than one state, the REC that is
used to demonstrate RPS compliance can only be used once and in one state, and is retired
once compliance is shown for a particutdate.

There is an active market for the sale/purchase of R&iflstrades typically occurring as

bilateral transactions RECs, however, are sometimes bundled with the energy output of a
renewable energy project, such that the purchaser of the enégy, for example, a wind

power projectwould also receive the RECs associated with the production of wind energy from
the project A single price could be agreed upon for the bundled energy/REC product and
neither the energy nor the RECs would be prioadch standalone basis.

Multiple reportingorganizations providenarket data related tcRECsales and includeot only
currentyear REC prices but also REC prices for future,yigprsally two to four years outA
renewable energy project owner, thefiae, could sell RECs that would be produced in future
years at an agreedpon price Typically, future REC prices are reported @nfgwyears into

the future, since the market begins to lose liquidity for RECs products much further out in time

Sepaate RECs markets exist for each product for gachdiction For example, separate
prices are reported for Marylandlier 1, Tier2, and solar carveut RECS® Similarly, there are
separate prices for each of the products in each of the states in RtiMr{ather Regional

¥ While ORECs may reduce demand for other-carveout Ter 1 RECs, they are different in that they are not
marketdriven, but set by the Maryland PSC. Other PJM states do not have any products comparable to ORECs.

Preliminary Draft; Not for Distribution
March 12, 2018 -11



Transmission Organizations and Independent System Opel[®®@s and ISPsThese

markets, however, are highly complex due to the interrelationships among the various markets
Most of the states within PJM have mandatory RBEciesin place'® and there are important
differences amongtate RPS policies terms of the percentages of renewable energy required
in any specific year and the types of technologies eligiblaeet theRPSequirements
Additionally, the specifation of the geographic restrictions on project eligibility differ among
the variousstate RPS$olicies. A further complicating factor is that satisfaction of a S@tRPS
may be accomplished either through the purchase of qualifying RECs or througPamnhée
ACPs differ among the states and also differ for different types of renewdbtesxample,n
states with a solar carveut, the ACPs for solar RPS compliater®l to behigher than the ACPs
for Tier 1 (or analogous classification) renewablergge

The ACPsffectivelyfunction as a cap on the price of the REC$he ACP represents the

maximum amount that a renewable energy generator, that is, a RECs supplier, could expect to
sell RECs for on the marke$ince there are transaction costs adated with the purchase of

RECs, a retail energy supplier needing to satisfy an RPS obligation would only be willing to pay a
price slightly below the ACHBecause the price of RECs is affected by the level of the ACP, and
because RECs from a particulanjpct may be eligible to meet RPS requirements in multiple

states, the ACP levels in one state can affect the market price of RECs in other states.

An additional consideration thahouldbe recognized is that not all RECs are purchased to
meet RPS requements A firm may purchase RECs over and above the level required for
satisfaction of the relevant state RRBSmarket itself as an environmentally friendly company

or to comply with corporategyoals for renewable energy or reduction of carbon dioxide)C
emissions Additionally, government organizatiomsay purchaseRECsabovethe amount

needed to meet theespectivestate® RPS requirement to satisfy environmental or other policy
goals

These factors, taken together, affect the price of the RE€dgmninantly from the demand

side From the supply side, staRPS requirements define the eligibility of particular resources
andr in combination with the eligibility requirements of other states, geographic eligibility
provisions and the period of time wer which RECs can be used to satisfystage RPS

¥ The following PIM states do not have mandatory RPS requirements in place: Indiana, Kentucky, Tennessee,
Virginia, and West Virginia.

2|f a retall energy supplier, for example, can meet its RPS obligation through payment of an ACP of $20, the
supplier would be unwilling to purchase RECs for $25.
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policieg help determine the quantity of RECs available in the state during any particular
compliance year Supply is also affected by cost considerations that relate to capital cost
requirements, finaneig costs, and federal and state tax incentives

As noted above, the supply of RECs is related to the time period over which the RECs can be
used RECs produced in one year may be used to satiafg RPS requiremenis future years
based orbanking provisionsontained instate RPS policieszor example, in Maryland, a REC
generated in one year can be used to satisfy the RPS requirement in that year, the following
(second) year, or the third yeaConsequently, the owner of R&@Gay decideo delay the sale

of RE€based on a belief that future REC prices will increase as the percentage requirements
for renewable energy in a particular state increagdternatively, if the potential seller believes
that REC prices will decline in the futuoe wishes to hedge against the potential for prices
declining in the future, the RECs would be soid retired in the same year the RECs were
created in ordeto satisfystate RPS obligationsThe purchaser of the RECs, however, may opt
to hold those ECs until a future date based on different perceptions about market
movements.

Just as RECs generated in one year can affect prices in future years, RECs generated in prior
years can affect currentear REC priceRRECs generated in prior yegegher inexcess of RPS
requirements or withheld from retirement due to expectations of higher market prices, may
need to be sold and retired to avoid expiration.

A final factor affecting the quantity of RE@she market, the demand for RECs, and ultimately
the price for RECss the recognition that the legislation that defines the RPS parametse
modifiedover time. Thes#actorsincludethe percentage of renewables required in each year,
which types of generation resources are eligible to meet the varmasses of renewables that
are defined, the shellife of the RECs, the geographic eligibility, and the levels of the CP
Maryland, the RPS legislation has been changed four times since the RPS was originally
established Furthermore, the price oRECs in Maryland can be affected by changes in the RPS
regulations in other states

The market for RECs also affects decisions regarding construction of new renewable generating
facilities. Higher prices for particular categories of RECs signal tmdekethat there is a

relatively tight market and, to the extent that developers may perceive those market conditions
to prevail over a reasonably long period of time, new project development can be spurred.
Conversely, relatively low REC prices can smjriaast a temporary glut and may induce
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developers to put certain renewable energy projects on hold or perhaps cancel projects that
would have proceeded under more favorable conditions.

The above discussion suggests that the REC markets are interratatembmplex. The function
of these markets, both historically and in the future, will determine the degree to which
Maryland will be successful in achieving its renewable energy goals.
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As of December 31, 2017, the GATS contains information about 167,907 electric generating
units. Of these entries, 165,841 are in the PJM control area and 2,066 units were found to be
located outside PJ¥I There were387 facilities in the PIM control area removed from
consideration due to the following reasons: not qualifying as Marykigible, considereds
secondary facilitieor consideredasduplicate facilitie$? The remainig entries were

aggregated by EIA facilities code (if this unique identifier was available) for a total of 165,452
unique generating facilitiesOf these facilities in PINI65,159re Tier 1 solaqualifying,282

are Tier 1qualifying (exclusive of solaiand 11 are eligible for Tier 2 compliance based upon
Maryland RPS requirementgor those facilities with more than one fuel source, the capacity
associated with renewable energy wa®ratedbased on historical generation by fuel source
and the contrilution of renewable resourcesS. Some facilities utilize more than one renewable
energy technology, and the database lists them under the qualifying technology with the
highest proportion of the facilit® generation The database does not identify agyalifying
wastewatertreatment biogas, operational offshore wind, or poultry litter-energy electric

plants

The GATS data described aboveraused to produce an inventory of available renewable
energy resources that would quali@g eligible foMarylandRPS complianc¢evith
supplemental geophysical and capacity utilizatitata acquired from the EIAThe specifics of
individual state RPS policies within PIMdescribed in Appendix A, and sales projections
(used to determine future RPS requiremsrats describeth the beginning oBSection INwere
also included*

Tablell-1 shows a summary of theumber ofMaryland PS€ertified renewable enegy
facilities, broken out by tier and by solar and roarveout, by state irPJM meengthe

“ There are two facilities outside of the PIM control area that are certified for the Maryland Tierdaneout
category; both are wind facilities (Tatanka Wind Farm in North Dakota and Farmer City Winid Fssouri)

with a combined capacity of 326 MW.

2|t is assumed that the costs to transmit eligible generation from outside of PJM are too high to warrant using
that generation for compliance with the Maryland RPS. Historically, minimal generationdroues outside PIJM
has been used for compliance.

 Generation data are typically not available for smaller, methbased plants (e.g., those utilizing internal
combustion generators). It is expected that the renewable share of methane capacity mayrs@meeowing to
the extensive cofiring or fuewitching between natural gas and diesel fuels.

% For detailed information on the data collection methodology employed in this analysis, refer to Appendix B.
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Maryland Tier 1 and Tier 2 requiremeritsTablell-2 and Tablell-3 break down the
information by technology.

Tablell-1. Renewable Energy Generating Facilities in PIM Certified as
Eligible for MarylandRPS Compliandg@s ofEOY2017)

Tier 1
No. of Solar No. of Non
Carveout carveout Tier 2
State Facilities Facilities No. of Facilities

Maryland 54,973 101 1
Delaware 4,511 4 --
District of Columbia 3,352 - -
lllinois 832 38 --
Indiana 49 11 --
Kentucky 122 6 --
Michigan 7 6 -
New Jersey 80,002 6 --
North Carolina 86 3 2
Ohio 2,343 22
Pennsylvania 16,275 39 3
Tennessee 4 1 --
Virginia 2,198 36
West Virginia 405 9
TOTAL: 165,159 282 11

Bl There is no column for theffshorewind carveout, as there are no operational facilities of
December 31, 2017The facilities in other states are categorized by Maryland Tier 1 and Tie
eligibility, asfurther explanedin Section III.

%% |n most instances, the capacity listed is theneplate capacity. However, for muftiel plants, the capacity has
been adjusted to reflect the ratio of renewable fuels to a@mewable fuels in an effort to avoid overstating the
amount of Tier 1 capacity installed. Additionally, in some instancesGHTS nameplate capacity is different than
other documented nameplate capacity figures as published by EIA or state Certificate of Public Convenience and
Necessity (CPCN) records. When required, researchers contacted the generator owners to determine an
approximate capacity value.
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Tablell-2. Existing Generation Capacity and Number of Installed Units in PJM That Are
Certified as Tier 1 under the Maryland RPS (a&6fY2017)

MW/ Tier 1 Facility Category
No. of Hydro- Qualifying | Wasteto- Black Geo
State Units Solar Wwind | electrid® | Methane®™ | Biomass Energy | Liquor | thermal TOTAL
MW 975 180 20 23 4 258 30 2 1,492
Maryland
No. 54,973 7 2 10 2 4 1 75 55,074
MW 97 -- -- 9 -- -- -- -- 106
Delaware
No. 4,511 -- -- 4 -- -- -- -- 4,515
District of MW 45 - - - - - - - 45
Columbia No. 3,352 - - - - - - - 3,352
MW 55 | 2,719 20 129 -- -- -- -- 2,924
lllinois
No. 832 17 3 18 -- -- -- -- 870
MW 11 | 1,701 8 - -- -- -- - 1,721
Indiana
No. 49 9 2 - -- -- -- - 60
MW 12 -- -- 16 5 -- -- -- 88
Kentucky
No. 122 -- -- 5 1 -- -- -- 128
o MW 5 -- 15 3 -- -- -- - 23
Michigan
No. 7 -- 5 1 -- -- -- - 13
MW 2,211 8 11 50 -- -- -- -- 2,280
New Jersey
No. 80,002 1 1 4 -- -- -- -- 80,008
MW 784 208 - - -- -- 124 - 1,116
North Carolina
No. 86 1 -- -- -- -- 2 - 89
MW 172 418 - 71 -- -- 51 -- 713
Ohio
No. 2,343 6 - 15 -- -- 1 -- 2,365
MW 321 997 95 144 -- -- 83 - 1,640
Pennsylvania
No. 16,275 13 7 17 -- -- 2 - 16,314
MW 0 -- -- -- -- -- 49 -- 49
Tennessee
No. 4 -- - - -- -- 1 -- 5
MW 431 -- 29 111 140 124 239 - 1,074
Virginia
No. 2,198 -- 13 16 2 1 4 - 2,234
MW 4 652 58 -- -- -- -- -- 714
West Virginia
No. 405 5 4 -- -- -- -- -- 414
MW 5,124 | 6,884 257 557 149 382 576 2 13,930
TOTAL:
No. 165,159 59 37 90 5 5 11 75 165,441

Note: Totals may not equal sum of componenige to independent rounding.

(el Hydroelectric for Tier 1 (TierHydro) includesill power generating facilitiewith less than 30 MW that were constructed at a dam
that wasin operation prior to 2004.

! Methane from the anaerobic decomposition of organic materials in a landfill or a wastewater treatment plant.
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Tablell-3. Existing Generation Capacity and Number of Installed Units in
PJM That AreCertified as Tier 2 under the Maryland RPS (a&6fY2017)

Tier 2
MW/ Facility Category
No. of Units  Hydroelectri¢? TOTAL
MW 531 531
Maryland
No. 1 1
: MW 278 278
North Carolina
No. 2 2
MW 47 47
Ohio
No. 1 1
: MW 501 501
Pennsylvania
No. 3
o MW
Virginia
No.
o MW 159 159
West Virginia
No. 3 3
MW 1,525 1,525
TOTAL:
No. 11 11

Note: PIM states with no Tierefigible facilitiecertified inMarylandunder Tier 2nclude:
Delaware, lllinoisindiana, Kentucky, Michigan, New Jersayd Tennessee; the District of
Columbia also has no TieeRgible facilities

[al Hydroelectric ér Tier 2 includes all hydroelectric facilities (other than those less thar
MW) that were constructed at a dam that was in operation prior to 2004.
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The renewable electricity generation required to meet a sS8&RP$equirement is typically
based on a percentage of the sales of electricity within each particular. statestimate future

RPS requirements, it is necessary to project the sales of electricity within the PIJM region and
apply then to the RPS percentage requirements for Maryland and other PIM states.

The retail sales projections for Maryland were calculated separately from the other states (and
the District of Columbia) within PIM for this analysis; rather than using PJM poogdie
MarylandPSOenYear Plan (20:82025) of Electric Companies in Maryld®thn)was used as

a source forthe Maryland LISOA TA O FAIdzZNB & @ ¢tKS abSdi 2F 5{a
retail sales projections for 2018025 for Marylanebnly service aras were provided in the

Plan; then, the annual growth rate was calculated based on the-20286 retail sales

projections (0.2 percent per year), amésthen applied to 2025 retail salgsojectionsto

calculate the projections each year from 2026 to 203 addition, the calculated retail sales
projections for Maryland were compared to the P2BIL7Load Forecast Repdd determine if

the two approaches had consistent results. The PIJM Load Forecast showed growth rates for
Marylandthat weresimilarto the Plan data For example, the PJR017Load Forecast Report
includes 15year annual growth rates (2012032) for BGE at Offercent, and at 0.2 percent for
Pepca Prior to applying the RPS percentafgdMarylandto determine the projected RPS
requirements, a 1.9ercent downward adjustment was made in the retail sales projections to
account for industrial process load (IPL) salMgch are exempt from the RPS requirements.

The 1.9ercent figure is an estimate based on historidarylandPSC dataof 20132015.

For the remaining states and the District of Columbi® 2017 Inventory Reporuses historical
data from Form EH826 ¢ Monthly Electric Utility Sales and Revenue Report with State
Distributions and annualized growth rates obtained frahme Midcontinent Independent
System Operatd® @MIS)2016MISOIndependent Load Forecast Repamtd PIJNB 2017 Load
ForecasReportto forecast electricity sales for each utility through3®0 Respective zonal
growth rates werealsoobtained from the PIN2017Load Forecast Repdd project total retail
sales for each PJM member

There are several states in which only a portion of the electricity supply system is within the
PJM control arealn these cases, an electric utility am RTO, such as MISO, might serve the

% Maryland, the current RPS percentage requirements for Tier 1 peak in 2020; however, for illustrative
purposes, this report extends the timeframe considered to 2030.
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remaining portions of the state located outside of RIMiblelll-1 presents the estimated
amount of electric cosumption within the PJM regigmncluding the portion consumed by
stateslocated inmore than ondSQ?’ This study assumes that for states with only partial PIM
service the RPS requirement is directly proportional to the amount of service suppfied
example, in Michigan, PJM is estimated to provide approximatphrcent of the total

electrical demand Accordingly, this analysis assumes thaercent of Michiga@® RPS
requirements wilbe derived from the PJM system, and 93 percent of the Mgam renewable
energy requirement would stem from sales outside of the PIM redidrewise, only those
renewable resources located within tiJMcontrolled portions of the PJM states are available
for meeting the PJM statéRPS requirements

Tablelll-1. Electric Power Consumption within PJM and
Proportion Supplied by PIM (2017)

Total Proportion Supplied by PJM
Consumption
State (GWh) Percent GWh
Maryland 60,788 100.0% 60,788
Delaware 11,034 100.0 11,034
District of Columbia 11,381 100.0 11,381
lllinois 140,119 74.7 104,595
Indiana 98,213 25.0 24,597
Kentucky 73,094 57.0 41,627
Michigan 103,440 7.2 7,476
New Jersey 74,751 100.0 74,751
North Carolina 134,214 7.6 10,240
Ohio 147,558 100.0 147,558
Pennsylvania 144,672 100.0 144,672
Tennessee 97,192 4.5 4,413
Virginia 112,758 99.7 112,425
West Virginia 31,856 100.0 31,856
TOTAL: 1,241,070 -- 787,414

GWh = gigawathour

“The portion of electric supply estimated as sourced from the PJM region is based on the ratio of population in
0KS O2dzyiASa aSNWSR o0& twa G2 GKS adrasSQa d2drf LI2 LIz I
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Each othe gates within the PIJM region and the District of Columbia have different RPS
standards These varying standards, for the most part, align very well with Mar@aRBS
standards For the three states withraRPS that did not align well with MarylZ®®RPS, the
following assumptions were made:

1 The Michigan RPS sets an overall renewable tarngeloes not specify the percent
requirement of any particular renewable resourdeor purposes of this analysis, the
Michigan RPS is assumed to align with Weard Tier 1 values (i.e., there is no specific
breakout for Tier 1 solar carvaut or Tier 2 resources)This may overstate competition
for Tier 1 resources among Michigan LSEs.

1 Pennsylvania and Ohio allow certain a@mewable resources to qualify foPS
compliance The blanket RPS targets for these states were assumed to align in total
with Maryland tiers These assumptions may overstate competition for Tier 1 and Tier 2
resources

Tablelll-2 presents the percentage of the electricity supply in each PJM state and the District of
Columbia thats required by itsRRIS 2 KAt S y2i SOSNE 2dz2NARARAOGAZ2Y
in Tablelll-2 and Tablelll-3, this analysis took a conservative approach and assumed that the

voluntary goals that are in place for Virginia and Indiana would be ifie¢. individual state

percentages have beeaaligned to track with Tier 1 and Tier 2 of the Maryland RPS where

possible The RPS standards from those states without tiers are included as Tier 1.
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Tablelll-2. RPS Requirements in PIJM Aligned to Maryldier$?

| 2017 | 2018 | 2019 | 2020 | 2025 | 2030
Maryland
Tier 1 Solar 1.15% 1.50% 1.95% 2.50% 2.50% 2.50%
ORECs 0.00 0.00 0.00 0.00 ~2.00 ~2.00
Noncarveout Tier 1 14.45 16.80 20.95 22.50 20.50 20.50
Tier 2 2.50 2.50 0.00 0.00 0.00 0.00
Delaware
Tier 1Solar 1.50 1.75 2.00 2.25 3.50 3.50
Non-carveout Tier 1 14.50 15.75 17.00 17.75 21.50 21.50
Tier 2
District of Columbia
Tier 1 Solar 0.98 1.15 1.35 1.58 2.85 4.50
Noncarveout Tier 1 12.52 14.35 16.15 18.42 23.15 37.50
Tier 2 1.50 1.00 0.50 0.00 0.00 0.00
lllinois
Tier 1 Solar 0.78 0.87 0.96 1.05 1.50 1.50
Non-carveout Tier 1" 13.00 14.50 16.00 17.50 25.00 25.00
Tier 2
Indiand®
Tier 1 Solar
Non-carveout Tier 1 4.00 4.00 7.00 7.00 10.00 10.00
Tier 2
Michigan
Tier 1 Solar
Noncarveout Tier 1 10.00 10.00 12.50 12.50 15.00 15.00
Tier 2
New Jersey
Tier 1 Solar 3.00 3.20 3.29 3.38 3.83 4.10
Non-carveout Tier 1 10.49 12.33 14.18 16.03 17.88 17.88
Tier 2 2.50 2.50 2.50 2.50 2.50 2.50
North Carolina
Tier 1 Solar 0.14 0.20 0.20 0.20 0.20 0.20
Non-carveout Tier 1 5.86 9.80 9.80 9.80 12.30 12.30
Tier 2
Ohio
Tier 1 Solar 0.15 0.18 0.22 0.26 0.46 0.50
Noncarveout Tier 1 3.35 4.32 5.28 6.24 11.04 12.00
Tier 2
Pennsylvania
Tier 1 Solar 0.29 0.34 0.39 0.44 0.50 0.50
Non-carveout Tier 1 571 6.16 6.61 7.06 7.50 7.50
Tier 2 8.20 8.20 8.20 8.20 10.00 10.00
Virginia®
Tier 1 Solar
Non-carveout Tier 1 7.00 7.00 7.00 7.00 15.00 15.00
Tier 2

@ The offshore wind carveut, by law, could be a maximum of 2.5 percent beginning in 2017; however, only the approvet
ORECs have been included here. Other PIM members do not have an equivalent category.

"I The alignment to the Maryland categories medmat non-carveout is specific to Maryland; these states have their own
carveouts contained in this category.

€I The voluntary programs were included to reflect the possibility that the RPS targets are met; the inclusion of these prc
results in a coservative approach to the data analysis.
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The RPS requirement gigawatthours GWH within the PJM region can be calculated by

multiplying the RPS percentage requirement for each state and the District of Columbia by its
consumption. Tablelll-3 provides the projected renewable energy consumption in GWh within

GKS tWa NBIA2Y D al NBf I YRQA H29permentobtieltotddd wt { NB
a2t NI NBIjdZANBYSy(ia 6A0KAY -dakedut TieNareNiR@ent8 Yy > | Y R
amount to19 percent of the PJM region requirements.
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Tablelll-3. Actual and Projected RPS Rémments in PJM Aligned to Maryland Tiers (G\Wh)

ACTUAL PROJECTED
2017 2018 | 2019 | 2020 | = 2025 2030

Maryland
Tier 1 Solar 699 912 1,185 1,518 1,518 1,527
ORECs 1,369 1,369
Non-carveout Tier 1 8,784 10,218 12,730 13,658 12,457 12,538
Tier 2 1,520 1,520
Delaware
Tier 1 Solar 166 193 221 248 384 387
Non-carveout Tier 1 1,600 1,740 1,876 1,953 2,357 2,378
Tier 2
District of Columbia
Tier 1 Solar 112 131 154 180 324 514
Non-carveout Tier 1 1,425 1,634 1,838 2,095 2,632 4,283
Tier 2 171 114 57
lllinois
Tier 1 Solar 816 912 1,008 1,102 1,583 1,595
Non-carveout Tier 1 13,597 15,203 16,794 18,373 26,376 26,589
Tier 2
Indiand”
Tier 1 Solar
Noncarveout Tier 1 984 999 1,773 1,791 2,684 2,829
Tier 2
Michigan
Tier 1 Solar
Non-carveout Tier 1 748 756 960 971 1,202 1,254
Tier 2
New Jersey
Tier 1 Solar 2,243 2,395 2,462 2,526 2,857 3,064
Non-carveout Tier 1 7,838 9,223 10,607 11,978 13,338 13,362
Tier 2 1,869 1,871 1,871 1,868 1,865 1,868
North Carolina
Tier 1 Solar 14 21 21 21 21 22
Non-carveout Tier 1 600 1,012 1,016 1,016 1,294 1,327
Tier 2
Ohio
Tier 1 Solar 221 266 325 385 682 745
Non-carveout Tier 1 4,943 6,384 7,808 9,229 16,370 17,881
Tier 2
Pennsylvania
Tier 1 Solar 424 493 566 643 725 725
Non-carveout Tier 1 8,256 8,932 9,590 10,234 10,876 10,880
Tier 2 11,863 11,890 11,896 11,892 14,501 14,506
Virginid”
Tier 1 Solar
Non-carveout Tier 1 7,870 7,971 8,027 8,027 17,378 17,862
Tier 2

¥ The offshore wind carveut, by law, could be a maximum of 2.5 percent beginning in 2017; however, only the

aPproved ORECs have been included here. Other PJIM members do not have an equivalent category.
™ The voluntary programs were included to reflect the possibility that the RPS tangetset; the inclusion of these

programs results in a conservative approach to the data analysis

Preliminary Draft; Not for Distribution

March 12, 2018

-6



AOAA 2AT AxAAT A %l AOCU 2ANOE«
[

A. Electricity Generation Capacity Factors
The capacity factor of an electric generating unit is measured as the ratio of the antrgly
output (MWh) over a period of time tthe output at full nameplate capacity over that same
period?® For example, a 10MW wind farm that produces 262,800 M\t energy in ajiven
year has a capacity factor of 30 percéhiGenerating units generally do not run at full capacity
for many reasons, including unforced outages, scheduled outages for routine maintenance,
insufficient demand, or economic factors (i.#e units areidled when electric demand is low
or the market pice is too low to make generation economicdl) addition, the capacity factors
of renewable generators are decreased when their resoufe&sd, sunlight, or water) or fuel
sources (biomass, municipal waste) are reduced or not availdlalblelV-1 shows the capacity
factorsthat wereused in this analysier the relevant renewable energy technologies
TablelV-1. Electric Generating Capacity

Factors Estimated for PIJM
PJM Capacity

Generator Type Factor
Biomass 84%
Black Liquor 84
Geothermal 80
Hydroelectric 45
Methane (mixed fuel) 55
Solar PV 16
Solar Thermal 25
Wasteto-Energy 27
Wind ¢ Landbased 26
Wind ¢ Offshoré? 39

Note: See Appendix B for full derivation methodology
[ This was notisedfor the two Marylandspecific
projects; those projections were based directly (read
hard-entered) on Maryland PSC Order No. 88192.

I L OAGEe FILOG2N aK2dzA R y20 0S8 02y RdEa SR So Adiyika G603 LSHEQ ASIO
dispatchable capacity during periods of peak demand. Currently, PJM grants wind facilities a capacity credit of
13percent of nameplate capacity for reliability purposes and capacity market participation. Wind facilities may

applyfor a higher capacity credit if they can provide production data to justify a higher value.

2 Using 8,760 hours in a year, a 300V plant continuously operating at full capacity would generate

876,000MWh. 262,800 MWh / 876,000 MWh = .30, or 30 peraapacity factor.
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The PJM regiois not characterized bhe best solar or wind resourcesmpared to other

regions of the U.Scapacity factors for solar and wind M are lower than average solar and
wind capacity factorsiationwide. The PJM capacity factors shoainovein TablelV-1 are
approximate and based on a combination of the national values as reported by the NREL Open
Energy Information (OpenEl) Transpatr Cost Database and capacity factors derived from EIA
data forrenewable energyinits within PIMwhen reasonable sample sizesre available®®>!

B. Projected Tier 1 RPS Requirements in Maryland and PJM

The2017 Inventory Btabase contain8,806MW of namepéhte, nonrcarveout Tier 1 capacity
from 282individual plants, excluding solar resouré&®® These plants in the PIM control area
produced nearly25,625GWh of energy in 207 assuming the capacity factors listebovein
TablelV-1. FigurelV-1 shows this estimatg generation by noftarveout Tier 1 resources,
along with the generation required for RPS compliance in MarylandPdMias a whole;
however, this figure should only be reviewed with a clear understanding of how it was
developed. Considerations to keepmind include the following:

1 The analysis was restrictive in terms of generation estimates, including only those
resourceshat are Maryland/ SNJi A T A SR dzyidR-BaN@oatTiBkA f | Y RQA
requirements.

1 The analysis was a@dhcompassing in terms of PJMgaggate requirementsncluding
voluntary RPS goals in Indiana and Virginia and Tier 1 requirements in other states that
may be met with norMaryland certified resources, such as coal mine methane in
Pennsylvania.

VaeNF yaLIl NByd /2adG 5FGFokasSYy /LI OAGE CHOG2NEE hLISYy 9y
Laboratory http://en.openei.org/apps/TCDB/#blank

% Appendix B describes thierivation of the PIM capacity factors.

¥ These data reflect all existing capacity as opposed to capacity that has Maryland Renewable Certification.
BredkK2daAK a2t N Aa St A Idawvdod Tidr 2 MIuieB&is, At i Anticipatdddt the y RQa y 2y
vast majority of Maryland solar installations will be used to meet the Maryland solar-oatyer other solar

requirements in PJM, and thus will be unavailable for meeting the remaining Tier 1 requirement.
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FigurelV-1. Noncarveout Tier 1 Generation Required by the RPS in Maryland and PJM
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The RPS requirement in Maryland for roarveout Tier 1 in 2020 is estimated to be

13,658 GWh. The estimate for necarveout Tier 1 RP&quirements in PIM for 2020 is
79,325GWh, which includes the Maryland requiremento meet the requirements for all PIM
stateswith RPSs, the amount of generation from rcarveout Tier 1 resources within PIM will
need to increase by approximately percent annually from 2017 through 20#Ghose
requirements were to be met exclusively by PIM resouttéghe high growth rate required
between 2017 and 2020 indicates that a significant portion of the aggregate PJM RPS
requirement will be met with resaees located outside PJM (e.g., MISO and the New York ISO
[NYISO]). Relying on compliance RECs from outside of PJM is consistent with the RPS
requirements of all PIJM states with RPSs in place.

PAAYy3 al NEflyRQa S tndnadavedutiTardgenelifiol i) aBpeSeniti a T 2 N.
of current Tier Jgeneration in PJM comes from wind, which has an assumed capacity factor of

26 percent foronshore generationsgeTablelV-10 & ¢ KS NXB-gaiveodtTiertlWa Qa y2Yy
generation typically has higher capacity facttiran onshore wingdsuch that the overall

% Because resources used to fulfill ncarveout Tier 1 requirements may come from PJM, no consideration is
given in this report to attempt to meet these requirements entirely within Maryland.
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weightedaverageresource capacity factor epproximately33 percent in PJIM Assuming that

the mix of Tier 1 resources remains constam.,a 33 percent capacity factois usedFigure

IV-2 shows the totahameplate capacity thatvould need to be in place to meet the RRS-
carveout Tier 1 requirements iPJM. Note that the capacity requirement need not be located
within PIM®>3°

FigurelV-2. Noncarveout Tier 1 Capacity Required by the RPSs of PJM States
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Note: The norcarveout Tier 1 RPS requiremesfor Maryland peak in 2020 and then plateau; however, other PJM states have
requirements that continue to increassdter 202Q which could affect theenewables market.

These required capacity calculations are based on a weighted average cépetoityor
renewables as described abmv The mix of resources relied upon in Maryland to meet its RPS
requirement sheds light on the development of the wetigd average capacity factoDrawing
from annual RPS reports from the Maryland FS@yrelV-3 presents the RECetired per
calendar year to meetan-carveout Tier 1 requirement$or the State

®As previously addressed, solar resources from outside of Maryland, but within PIJM, may be ws@ttteef
non-carveout Tier 1 requiremers; however, this is not anticipated. Including solar in the calculations for the
weighted average capacity (and, subsequently, the capacity needed to meet the RPS) is the technically correct
approach, and resulti® a conservative estimate of capacity needed to meet the RPS requirements due to the low
capacity factor of solar.

% Renewable resources from outside of PJM may be used to fulfill Marylandareaout Tier 1 requiremerdif

the renewable generation igansmitted into PIM.
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As shown irFigurelV-3, black liquor, hydroelectric, and wind, together, represent the majority
of renewalle geneation used to meet the Maryland necarveout RPS requirement in 2015.

FigurelV-3. RECs Retired for Nerarveout Tier 1 RPS Compliance by
Resource in Maryland (2062015)
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SourceMaryland PSC Annual RPS Reports for Calendar Year2@UR9

FigurelV-4 illustrates the location of resources used to m#éet non-carveout Tier 1
requiremensin Maryland from 2002015 Asignificant portion othese requirement for
Marylandwasmet using outof-state resourceswith only a small percentage of outsiad-PJM
resources were relied upon in those years. With increasing requirements in coming years
resulting from the prescriptions of the Maryland RPS, heavier reliance on owsR&MV
resources may be needed to comply with the Maryland RPS.
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FigurelV-4. RECs Retired for Nararveout Tier 1 RPS Compliance
in Marylandby Location (2002015)
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C. Projected Tier 1 Solar Carve -out RPS Requirements in Maryland and
PJM

In 2007, Maryland enacted a careet for solar energy within Tier 1, which ti&tatelegislature
further amended in 201@nd 2012, and then again in 2017 when the 2 percent requirement
was increased to 2.5 percent by 2028igurelV-5 shows the projected Tier 1 solgeneration
output needed to meet RPS requirements in Maryland
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FigurelV-5. Solar Generation Required by the Maryland Solar RPS
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The2017 Inventory Btabase includes 54,973 solar projects installeMaryland for 975 MW

of electric generating capacity. Given a 16 percent capacity factor, these Maryland solar units
generated an estimated 1,367 GWh in 2017 LILINR EA Y| G St & H o LISNDSy il
St SOUNRO O2yadzvYLIiA2y s | ¢Y@R6 sylar RES rdqirementRe,dz0t S al
1.15percent). Maryland consumes 7.7 percent of the electricity generated in the PJM region

FYR OdzNNByfeé LINPRdzZOS&a mdop LISNOSyld 2F GKS t Wa

The Maryland RPS caroet for solargenerated powein 2020 is estimated to be 1,518 GWh

(refer to Tablelll-3), which must be metisingin-a G 4GS &2 € I NJ NB a-gtateNDO S a ¢ al
solar generation must grow by approximately 4 percent annually between 2017 and 2020 in

order to meet the 2020 Maryland Tier 1 solar RPS requirement of 2.5 pefcent.

The2017 InventoryDatabase lists 5,123 W of nameplate solar capacity from 165,159 units in
the PJM control area. Assuming a 16 percent capacity factor, these solar units generated an
estimated 7,182 GWh of energy in 2017. The RPS requirements of states within PJM for
solargenerated power ir2020 are estimated to be 6,621 GWh ($8gurelV-6). The ability of
other states in PJM to medteir respectivesolar RPS requirementsimneluded fere for

%" See Section V for more information on historical net metering data as reported by the Maryland PSC.
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informational purposesthoughthere is not a direct connection to Marylameing able taneet
its solar RPS requirement (gt must be metfrom in-stateresources exclusively

FigurelV-6. Solar Generation Required félhe Solar RPSs of PJM States
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Using a capacity factor of 16 percent for solar eneFigurel V-7 estimates the total solar
nameplate capacity that would need to be installed to meet the projected RPS energy
requirementsin both Maryland and PJMMaryland itselfrequiresan additionallOB MW of
solarcapacitybetween 2017 and 202 meet its 2020 requirement

®see Appendix C for an analysis of the projected sizes of solar projects.
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FigurelV-7. Installed Solar Nameplate Capacity RequiredMeet RPS Demand in Maryland and PJM
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FigurelV-8 shows the distribution of solar generation units installed in the PIJM control area
New Jerseyy far has the most solar generating capacity in R currently accounts for

48 percentof PJM3total solar generationThe reason New Jersey solar projects represent such
a large portion of the PJM solar portfolio is a resulNefnv Jersey statpolicy measures
implemented to support the market, specifically: solar ACPs that are set high letopgovide

an incentive for market development ($308Wh in energy yeafEY 2018 declining to

$239MWh in EY 2028); a high solzarveout requirement (escalating to 4.1 percent by 2027);
and a long banking life for SRECs (five years).
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FigurelV-8. Solar Capacity in PIJM (2017)
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D. Tier 2 RPS Requirements in Maryland and PJM

The Maryland RPS requires that 2.5 percent of electricity sales from LSEs come from Tier 2
resourceghrough 2018, after which the requirement expires. 847 Inventory Btabase
contains 1,537 MW of Tier 2 nameplate capacity from 11 units in*PIging the capacity
factors shown inrablelV-1, Tier 2 resources produced an estimated 6,059 GWh of energy in
2017; with an estimate@,092GWh of that total generated at th831-MW Conowingo hydro
plant in Maryland'® As discussed in more detail below, there is enough generation in PJM to
meet Tier 2 requirements in Maryland through the scheduled expiration of the Tier 2
requirement in 2018, as well as in other states within PIM.

The only eligible Tier 2 resource iraMland is large hydro. The 2.5 percent requirement is
approximately 1,520 GWh in 2018, meaning that the Conowingo hydro plant could potentially

¥ These data reflect all existing capacity as opposezhfmacity that has Maryland renewable certification.
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meet the Maryland Tier 2 requirement on its own; historically, howettes Tier 2

requirements (in terms of RCs retired) have been fulfilled by multiple projects in multiple
states In 2015, RECs from the Conowingo hydro plant fulfilled 63 percent of the total Tier 2
RECs retireth Maryland;the remainder were from other plants located ooft state (though
within PIMY

Pennsylvania, New Jersey, and the District of Columbia also have Tier 2 requirements in their
respective RPS policies; however, compared to Mar@ahr 2, there are more eligible
resources For example, waste coal, pumped storage hydropgwead energy efficiency all

qualify as Tier 2 resources under the Pennsylvania RPS

FigurelV-9 illustrates Tier 2 generation in Maryland and PJM for72@hd the total Tier 2 RPS
requirement for 2018, reinforcing the finding that there will be sufficient resources for
Maryland (and M) compliance with Tier 2 requirements

FigurelV-9. PJM and Maryland Tier 2 20%Generation Compared to 2018 RPS Requirements
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4 Maryland PSC RPS Report, January 20f.//www.psc.state.md.us/wpcontent/uploads/RPSReport
2017.pdf 20.
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V.OOT EAAOD* EOAO0KA

To determinewhetherthere will be sufficient renewable energy generation to fulfill RPS
obligations in Maryland, the first source of data to consider is the PIM Interconn&iieune
(PJM queue), which tracks proposed generating projeEtsderal Energy Regulatory
Commissia (FERYregulations and PJM operating rules require that these projects undergo a
series of studies to determine whether they can safely interconnect to the PIMTgatueV-1
displays the sum of nameplate capacity of renewable generation projects tha® Bdigue liss

as under construction or active (meaning requisite studies are being performgdd@cts

that fall under eithercategory) from 2@1through2017. The total capacity of all renewable
projects listed in the PIJM queue for those year34gt48MW, of which onshore and offshore
wind power account foB8 percent, orl3,172MW. It is important to note thathe PJM queue
does not reflecbehindthe-meter projects, such as residential solar systém$he PIJM queue

is always changing, with new projects requesting interconnection and other projects dropping
out for a myriad of reasons, such as difficulties in siting the project or obtamojgct

financing

*2Behindthe-meter projects are addressed in Section VI.
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TableV-1. Nameplate Capacity of Active and Undepnstruction
Tier 1 Renewable Energy Projects in the PIM Queue (MW)

Total in Estimated
Queue in Service
Energy Source State 2011 2012 2013 2014 2015 2016 2017 (2011-2017) for 2018
DC - 44.9
DE 6.0 229.2 100.0 335.2 177.6
IL 25.0 1,119.9 1,144.9 330.1
IN 400.0 570.0 970.0 243.8
KY 180.0 20.0 200.0 60.3
MD 20.0 22.0 193.0 65.3 934.9 140.4 1,375.6 1,305.3
o Ml 100.0 100.0 28.6
Utility Scale Solar |~ 274.9 625.7 946.9 1,153.0 3,0005 1,504.1
NJ 28.9 7.1 16.2 51.9 28.6 132.7 2,243.2
OH 3.4 135.0 1,985.5 2,984.5 5,108.4 1,398.2
PA 83.0 257.5 340.5 402.9
TN - -
VA 8.5 183.4 3,916.6 3,825.7 7,934.2 2,335.1
WV 5.0 30.0 35.0 12.2
NJ 0.6 0.6 0.1
Solar: Storage OH 200.0 200.0 48.0
PA 100.0 100.0 24.0
VA 45.0 45.0 10.8
NC 110.0 110.0 26.4
Storage; Solar VA 85.0 85.0 20.4
WV 19.9 19.9 4.8
Methane; Solar MD 11.6 11.6 2.8
Subtotal: 52.3 22.0 7.1 476.4 1,031.6 8,843.6 10,816.1 21,249.1 10,223.7
IL 187.5 350.0 150.0 1,058.4 1,476.1 3,222.0 2,816.0
IN 1,500.0 375.0 624.2 1,030.0 3,529.2 1,807.2
MD 150.0 150.0 184.8
NC 300.3 130.0 430.3 220.9
Wind NJ 200.0 200.0 13.5
OH 18.0 100.0 494.8 1,906.6 2,519.4 493.9
PA 70.0 298.0 90.0 641.1 255.8 1,354.9 1,037.2
VA 72.0 96.6 180.0 348.6 10.5
WV 224.3 50.6 160.0 434.9 665.3
IL 240.0 7.2
Wind; Storage PA 90.0 2.7
WV 141.3 141.3 4.2
Subtotat 1,837.5 72.0 388.3 872.3 895.6 3,496.4 5,096.5 12,660.6 7,263.5
DE 499.6 499.6 --
Offshore Wind MD - -
VA 12.0 12.0 -
Subtotat 12.0 499.6 511.6 -
IL -- 20.0
IN - 8.2
MD 0.4 15.0 15.4 26.0
Ml - 15.2
Hydro NJ - 11.0
OH -- --
PA - 94.6
VA 7.5 7.5 32.2
WV - 58.1
Subtotat 0.4 225 229 265.2
MD 4.0 4.0 5.7
Biomass KY - 5.0
TN - -
VA -- 139.9
Subtotat 4.0 4.0 150.6
TOTAL: 1,889.8 94.00  407.8 13487 2426.8  12,344.0 15,937.1 34,448.2 17,903.0
Sourcet DSY SNI A2y vdzSdzSay ! Ofittp:/Evéw.din.dorm/dlandina/geheratiof 1§ Od0 Z ¢ t Wa
interconnection/generatiorqueue-active.aspx
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Because not all projects in ti@IMqueueultimately result in an operational energy generating
facility, assumptions based on technology were made to determine what percent of projects
that enter the queue reach iservice status. The calculations aresé&e ona weightedaverage

of percentin-service ofprojects by technology taken from the years 2012 through 2014, as
those yearsepresent more consistent market activityavingfewer fluctuations than thelata
from 2015 and 2016Based on this approacthe estimates of PJM queue projects that will
reach the inservice status are presented TrableV-2.

TableV-2. Estimated Ipservice
Projects in the PIM Queuay

Technology(20122014)
Percent In

Technology Service
Biomass 48%
Hydrgpower 37
Solar 24
Solar; Storage 24
Storage; Solar 24
Methane; Solar 24
Wind

Wind; Storage

Using these percentagedie column labeledEstimatedn Servicef 2 NJ i jiablg\E1l
reflects the estimated,490MW that will go onlinen 2018. Applying the capacity factors from
TablelV-1, it is estimated thaB,060GWh of renewable energy from new projects will be
availablein 2018, composed of an estimated148 GWlsolar, 865 GWhwind; 33 GWhhydro;
and 14 GWhbiomass
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Projected future renewable capacity and generation in PJM is based on the actual 2017 GATS

data (supplemented by EIA data), thejectsestimatedto bein service from the 2018JM

gueue as described in Section V, and, for the years 2019 through 2030, a techspéaific

growth rate. Projectionbeginin 2018 by combining the 2017 GATS data and estimated in

service projectérom the PIM queudghe remaining years are based tathnologyspecific

growth rates applied to the 2018 figuré$.As in other areas dhe 2017 Inventory Repart

generation dataare based on capacity data anid this case, capacity projections. The GATS

dataareassumed tde inclusive of net metering projects, which are therefore included in the

growth projections** Historical net metering data are providedTableVF1 for reference.

This analysis addresses onbyn-carveout Tier landsolar RPS categories, as projections for

the Tier 2 requirement (which expires in 2018) were deemed unnecessary.

TableVI-1. InstalledNet Metering Solar
Capacityin Maryland (20162016) (MW)

Reporting Installed Solar Increase from
Yeat? Capacity Prior Year

2010 13 --

2011 31 18

2012 56 25

2013 100 44

2014 142 42
2015 236 94

2016 460 224

12010 data is as of January 2010; the remaining
reporting year® R I (i I the’erd oflJune. 2 F

SourceMaryland Public Service Commission State of
Net Metering Reports, 201R016.

* For biomass and hydro, the growth is based on average annual capacity growth between 2012 and 2016 for
years with capacity going into service; for the wind growth calculation, the period was extéadéart in 2009 to
incorporate the early growth of the wind market. Biomass annual growth is assumed to be 76.9 MW, hydro annual
growth is estimated to be 15.8 MW, and 76.88 MW of capacity is added annually for wind.

*In 2016, 99.8 percent of the netetering was from solar, with the small remainder from wind and biomass
resources. Source: Maryland P&Eport on the Status of Net Energy Metering in the State of Marykngust

2017, http://www.psc.state.md.us/wpcontent/uploads/Final?016-Net-Metering-Report.pdf
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Non-carveout Tier lrenewable energy projects hawaa estimatedcapacitygrowth rate from
2018through2030 of1.95percent. TableVI2 presents the estimated capacity for timen-
carveout Tier 1projeds in PIMrom 2018through 2030prokendown by technology:Table
VI3 shows thecorresponding energgenerationfor the same time period®

TableVI-2. Estimated Capacity dfon-carveout Tier 1
Projects in PIJM byechnology (2012030)(MW)

Offshore
Year wind Wind Hydro Biomass  Other® TOTAL
2018 7,264 - 265 151 1,517 9,196
2019 7,340 - 281 228 1,517 9,366
2020 7,417 - 297 304 1,517 9,536
2021 7,494 248 313 381 1,517 9,953
2022 7,571 248 328 458 1,517 10,123
2023 7,648 368 344 535 1,517 10,412
2024 7,725 368 360 612 1,517 10,582
2025 7,802 368 376 689 1,517 10,751
2026 7,879 368 392 766 1,517 10,921
2027 7,955 368 407 843 1,517 11,091
2028 8,032 368 423 920 1,517 11,260
2029 8,109 368 439 997 1,517 11,430
2030 8,186 368 455 1,073 1,517 11,599
Average Annual Growth Rates

20182024 1.03% - 5.24% 26.27% 0.00% 2.37%

20242030 0.97% 0.00% 3.98% 9.81% 0.00% 1.54%

20182030 - - 4.61% 17.75% 0.00% 1.95%

@l |ncludesblack liquor, geothermamethane, and wast¢o-energy which are based on PJM GATS and not
expected to experience market growth.

*®As previously noted, the Tier 1 n@arveout analysis focuses on PJM as a whole because Maryland does not
have statespecific requirements fathis category.
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TableVI-3. Estimated Generation dflon-carveout Tier 1
Projects in PIJM by Technology (202830)(GWH

Energy Offshore
Source wind wind Hydro Biomass  Other® TOTAL
2018 16,543 - 1,045 1,108 7,840 26,538
2019 16,718 - 1,108 1,674 7,840 27,341
2020 16,894 - 1,170 2,240 7,840 28,144
2021 17,069 914 1,232 2,806 7,840 29,861
2022 17,244 914 1,295 3,372 7,840 30,664
2023 17,419 1,369 1,357 3,938 7,840 31,923
2024 17,594 1,369 1,419 4,503 7,840 32,726
2025 17,769 1,369 1,481 5,069 7,840 33,529
2026 17,944 1,369 1,544 5,635 7,840 34,333
2027 18,119 1,369 1,606 6,201 7,840 35,136
2028 18,294 1,369 1,668 6,767 7,840 35,939
2029 18,469 1,369 1,731 7,333 7,840 36,742
2030 18,644 1,369 1,793 7,899 7,840 37,546

Average Annual Growth Rates

20182024 1.03% - 5.24% 26.27% 0.00% 3.55%
20242030 0.9 0.00% 3.98% 9.81% 0.00% 2.32%
20182030 - -- 4.61% 17.7%% 0.00% 2.93%

@l |ncludesblack liquor, geothermal, methane, and wagteenergy, which are based on PJM GATS and not
expected to experience market growth.

Note that over timethe generation portfolio changes substanljalas described below:
1 There is amall, steadyncrease irwind generation.
1 Biomass resourceshow anincreasein generationover the 12year period
1 There is no increase in generatioontemplated¥ NB Y  ar&sourc&SNE

1 Hydropower represerstapproximdely 4 to Spercent of therenewablegeneration
portfolio over the 12year period™

1 Offshore wind becomes a part of the portfolio in 2021 and bumps up in 2023.

“*® Hydropower growth is typically through upgrades to current projects.
“"The approved offshore wind projects are anticipated to be operational in 2020 and 2023; adding 913,845 MWh
in 2020 and an additional 455,482 MWh in 2023.
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Projections for solar capacity and generation were calculated in the same waynaarveout
Tier lestimateg 2017 GATS capacity datere added to 2018 estimated iservice capacity
from the PIMqueue toderive the2018 projection$® to which a growth rate was then applied
for years 2019hrough2030. For solar generation, a conservative groxatie of 15 percent
was applied, based on or®lf of the average annual growth ratef solargenerationin PJM
from 2014 through2017. Uncertainties that may affect future solar market growth include
influences such as: tHfederallnvestment Tax Cred{tTC)*° a plannedincrease in tariffs on
imported solarpanels and anticipateccontinueddecreases in the costs sblarpanels. Table
V4 presents the estimated capacity for solar projects in Marylnch 2018through 2030;
TableVH5 presents thecorrespondingestimated generatiorior the same time period®

TableVI4. Estimated Capacitgf
Total Solar Projects iMaryland

(20182030)(MW)
Utility -scale

Year Solar
2018 1,305
2019 1,501
2020 1,726
2021 1,985
2022 2,283
2023 2,625
2024 3,019
2025 3,472
2026 3,993
2027 4,592
2028 5,281
2029 6,073
2030 6,984

®The PIM gueue had ové®0 potential solar projectais of Januarg018. This includes all acti?dM queue
projects not fully in service or withdrawn
9 Growth is anticipated to continue through the reduction of the ITC from the current 30 percentdl@ole.0

percent for commercial installations in 2022, and the expiration of the ITC for residential installations, also in 2022.

P As previously noted, the Tier 1 n@arveout analysis focuses on PJM as a whole because Maryland does not
have statespecific requirements for this category.
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TableVI-5. Estimated Generation of
Total Solar Projects in
Maryland (20182030)(GWh)

Utility -scale
Year Solar
2018 1,830
2019 2,104
2020 2,420
2021 2,782
2022 3,200
2023 3,680
2024 4,232
2025 4,867
2026 5,597
2027 6,436
2028 7,401
2029 8,512
2030 9,788

For the Maryland RPS requirementsstate solar is the primary consideration. However, PJM
solar capacity and generation projections are included here as an indication of what is
anticipated in the broader markefTableVI6 presents the estimated capacity for solar projects
in PIJMirom 2018through 2030:TableV}7 presents the estimated generatidor the same

time period
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TableVI-6. Estimated Capacity of
Total Solar Projects ifPJM

(20182030)(MW)
Utility-scale

Year Solar
2018 10,224
2019 11,757
2020 13,521
2021 15,549
2022 17,881
2023 20,563
2024 23,648
2025 27,195
2026 31,274
2027 35,966
2028 41,361
2029 47,565
2030 54,699

TableVI-7. Estimated Generatioof
Total Solar Projectsn PIM

(20182030)(GWh)
Utility -scale

Year Solar
2018 14,330
2019 16,479
2020 18,951
2021 21,793
2022 25,062
2023 28,822
2024 33,145
2025 38,117
2026 43,834
2027 50,409
2028 57,971
2029 66,667
2030 76,667
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Reviewing the results of the analysis as presented in Sections V anth&¥/R&f17 Inventory

Report, the projected availability of renewable energy can now be compared to projected RPS
requirements to determine future surpluses or shortages of renewable energy needed for RPS
compliance.

It is evident that there is sufficiemon-carveout Tier 1generation in PJM to meet Maryland
RPSequirements through 2030There is not, howevesufficientnon-carveout Tier 1

generation in PJM for all of tHeIMstates with RPS policidsA YA f | NJ (tB meettheéB f | Y RQ&
respective RP&quirements. Forexample, as shown imableVIF, in2020 an estimated

79,000GWh would be required for all PIJM states to meet th@n-carveout Tier 1IRPS

requirements however, only28,000GWh are projected to be availabfeom PJM resources

TableVIl1l. Non-carveout Tier 1IRPS Requirements in
PJM Compared to ProjecteddIMRenewable
Energy Generation (2018030)(GWh)

Generation Projected
Year Requirement  Generation Difference
2018 64,072 26,538 (37,535)
2019 73,019 27,341 (45,678)
2020 79,325 28,144 (51,181)
2021 83,998 29,861 (54,137)
2022 92,820 30,664 (62,155)
2023 95,559 31,923 (63,636)
2024 99,215 32,726 (66,489)
2025 106,964 33,529 (73,434)
2026 109,098 34,333 (74,765)
2027 109,592 35,136 (74,456)
2028 110,214 35,939 (74,275)
2029 110,641 36,742 (73,899)
2030 111,183 37,546 (73,637)
Average Annual Growth Rates
20182024 7.56% 3.55% -
20242030 1.92% 2.93% -
20182030 4.70% 2.32% -
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For all thePJMstateswith RPS policie® meet theirnon-carveout Tier 1IRPS requirements in
2020from PJM resourcesvailable renewable energy generationPJMwould have to have an
annual growth rate (fron2017 to 2020) ofapproximately46 percent. However, based on this
analysis, the projected annual growth rate for these yeaBspsrcent. This rate of required
growth in PJM renewable geration does not recognize the potential for reliance on outside
of-PJMrenewablegereration to be relied upon to meet a portion of the renewable energy
requiremensfor PJM statesvith RPSs. Additionally, market dynantizat would serve to
provide incentives for renewable project developers to construct qualifyingpreyects both
inside PJM and in othé&@TGQ/ISG are notrepresented which would serve to diminish trgeaps
between requiredgenerationand eligiblegenerationover time.

A potential renewable resource that may become more abundantly available in thesfistu
offshore wind. The twoffshore windprojects that have been approved by the Maryland PSC
have been included ithis analysis. However, other large projects are in the
planning/discussion phases, including: an additional 500 MW in Maryland anmtipbnew
project in New JerseyAs noted, renewable resources located outside of PJM, but which are
Maryland certified, are also eligible to meet noarveout Tier 1 requirementsin 2015,

7.7 percent of noRcarveout Tier 1 requirements Marylandwere met using outsidef-PJM
resources, and that number is growing/ith higher Maryland RECs prigesultingfrom a

potential gap between supply and requirements, the percentage of renewable energy imported
from outside of PIM is expected to increase.

The results for the solar comparison differ significantly fromrbe-carveout Tier 1
comparison; results indicate that both Maryland and otheembers ofPJM will meet their
solar RPS requirement$.This is due in part to the rapid development of thanket within the
last few years For example, according to GATS, there wa®abling of solar capacity within
PJM between 20dand 2016. Marylanchowever, is expected tgenerae sufficient solar
energyin 2018to meet and surpasis 2020 requirementgseeTableVI2).

TableVII2 shows Marylad solar generation requiredand generated (ifrStatex for 2018
through 2030. As seen TrableVIF2, Marylandis expected to significantly exceed stdar
generation requirerants throughoutthis timeperiod. Nog that any solar generation above

*LFor solar capacity and generation, a growth rate of 15 percent was applied, based-balbtie average
annual growth rate for PJM from 202017.

Preliminary Draft; Not for Distribution
March 12, 2018 VIF2



and beyond theMaryland solar carveut requirements could be applied toon-carveout Tier
1requiremens. The data contained iffableVIF2 are displayed graphically FigureVIk1.

TableVIl-2. Solar RPRequirementsn Maryland Compared to
Projected Solar Energy Generatiam Maryland (20182030)(GWh)

Generation Projected
Year Requirement  Generation Difference
2018 912 1,830 917
2019 1,185 2,104 919
2020 1,518 2,420 902
2021 1,515 2,782 1,268
2022 1,515 3,200 1,685
2023 1,515 3,680 2,165
2024 1,518 4,232 2,714
2025 1,518 4,867 3,349
2026 1,520 5,597 4,077
2027 1,522 6,436 4914
2028 1,526 7,401 5,876
2029 1,526 8,512 6,985
2030 1,527 9,788 8,261
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FigureVIl-1. Solar RPRequirementsan Maryland Compared td°rojectedSolar Energy
Generationin Maryland (20182030)(GWh)
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TableVIF3 shows the solar RPS requirements in PIJM (for staisRPSs with solar cangeits)
and projected solar energy generation in PJM for 2018 through 2030. As SEabl@VI}3,

the aggregate solar generation requirements in Ri®Iprojected to be significantly exceeded
throughout the period.
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TableVII-3. Solar RPRequirementsn PJM Compared to
Projected Solar Energy Generation (202830)(GWh)

Generation Projected
Year Requirement  Generation Difference
2018 5,323 14,330 9,006
2019 5,941 16,479 10,538
2020 6,621 18,951 12,330
2021 6,975 21,793 14,819
2022 7,260 25,062 17,803
2023 7,546 28,822 21,275
2024 7,817 33,145 25,329
2025 8,093 38,117 30,024
2026 8,083 43,834 35,751
2027 8,252 50,409 42,158
2028 8,427 57,971 49,544
2029 8,532 66,667 58,135
2030 8,580 76,667 68,087

The data fromTableVIF3 areillustrated inFigureVIi2.

FigureVIl-2. Solar RP&equirementsn PJM Compared to
Projected Solar Energy Generation (202830)(GWh)

The shortfall in available neparveout Tier 1IPJMgeneration to meet RPS requiremeimsPJM
and in Maryland can be met, in part, with excess solar generation, that is, solar generation in
excess of the solararveouts in the PJM states

TableVIH provides a breakdown of the quantities of solar generation that could potentially be
available to meet notarveout Tier 1 requirements, as well as the expected shortfall for-non
carveout Tier 1 resources.
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TableVIl-4. Potential Generation of Solar to Meet Deficit of
Non-carveout Tier IRPRequirementsn PIJM (2018030) (GWh)

Excess PIM Remaining

Year Deficit Solar Deficit

2018 (37,535) 9,006 (28,528)
2019 (45,678) 10,538 (35,140)
2020 (51,181) 12,330 (38,852)
2021 (54,137) 14,819 (39,319)
2022 (62,155) 17,803 (44,353)
2023 (63,636) 21,275 (42,361)
2024 (66,489) 25,329 (41,160)
2025 (73,434) 30,024 (43,411)
2026 (74,765) 35,751 (39,014)
2027 (74,456) 42,158 (32,298)
2028 (74,275) 49,544 (24,732)
2029 (73,899) 58,135 (15,764)
2030 (73,637) 68,087 (5,550)
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Legislation has been introducéd the Maryland General Assembiyrecent yeargo increase
the RPS goals above and beydindse contained itHB 1106.TableVIIF1 presents one
example of gradually increased Rig8centagerequirementsthat would reach 5(@ercent by
2030; note that this does not includier 2%

TableVIIF1l. Scenario for 50 Percent MarylarRPS
Requirement by 2030, by Percentages

Non-carve
Year Tier 1Solar ORECs out Tier 1 TOTAL
2018 1.77% 0.00% 16.51% 18.28%
2019 2.04 0.00 18.72 20.76
2020 2.31 1.33 20.93 24.57
2021 2.58 1.33 23.14 27.04
2022 2.85 1.33 25.35 29.52
2023 3.12 1.98 27.56 32.65
2024 3.38 1.98 29.76 35.13
2025 3.65 1.98 31.97 37.61
2026 3.92 1.98 34.18 40.09
2027 419 1.98 36.39 42.56
2028 4.46 1.98 38.60 45.04
2029 4,73 1.98 40.81 47.52
2030 5.00 1.98 43.02 50.00

Taking the percentages frofrableVIlF1 and applying them to the total retail sales projections
produces the RPS requirements that would be in place witpethetical50 percent RPS goal
as shown inmrableVIIl2. The OREGesquirementin TableVII}2 reflects the offshorevind
generationA Y Of dZRSR Ay al NBEfl yRQa OdzNNByd wt { =
modification.

*2Tier 2 is assumed to be expiring at the end of 2018, consistent with the current RPS.
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